A new calanoid copepod, Allodiaptomus nongensis n. sp., is herein described based on samples collected from the Xe Lanong River (a tributary of the Mekong River), and 13 other localities in Central Laos. This is the sixth species of the genus Allodiaptomus Kiefer, 1936.
INTRODUCTION
The genus Allodiaptomus Kiefer, 1936 is a small group of freshwater diaptomid copepods (Copepoda, Calanoida, Diaptomidae) that consists of five known species (Ranga Reddy et al., 2000; Walter and Boxshall, 2018) , distributed mainly in river systems, reservoirs, and fish ponds (Ranga Reddy, 1987) . Four species have been found in India, including A. mirabilipes Kiefer, 1936, A. satanas (Brehm, 1952) , A. intermedius Ranga Reddy, 1987, and A. raoi Kiefer, 1936 . A. raoi was also found in Cambodia, Thailand, South China, and Vietnam (Kiefer, 1936 , Brehm, 1952 Ranga Reddy, 1987 , 1994 Ranga Reddy and Das, 1981; Ranga Reddy et al., 1998; Sanoamuang, 1999 Sanoamuang, , 2002 Lin and Han, 2012; Kulkarni and Pai, 2016; Tran et al., 2016) . The fifth species, A. mieni Dang and Ho, 1985 has so far been reported only in Vietnam (Phan et al., 2015) .
According to the taxonomic revision by Ranga Reddy et al. (2000) , the genus Allodiaptomus can be distinguished from the closely allied genera Neodiaptomus Kiefer, 1932 and Mongolodiaptomus Kiefer, 1938 by the armature of the second exopod-segment of the right fifth leg in males. In Allodiaptomus, that second exopod has at least two lateral spines, and the principal one is proximally located, whereas the other one(s) is/are distally situated; no midlateral spine is present. In Mongolodiaptomus, the second exopod has two or three lateral spines (or spinous processes), but the principal one is located on the mid-outer margin, whereas the small spinous process(es) occurs/occur proximally as well as distally. In Neodiaptomus, the second exopod has only one single lateral spine that inserts either proximal or somewhat median. As a consequence of this revision, three species previously recognized as A. Gladiolus Shen and Lee, 1963; A. pectinidactylus Shen and Tai, 1964; and, A. calcarus Shen and Tai 1965 , have been transferred to the genus Mongolodiaptomus (Ranga Reddy et al., 2000; Sanoamuang and Watiroyram, 2018) .
Little is known about the biodiversity of freshwater zooplankton in Laos. Only three articles have been published on calanoid copepods during the last 15 years (Sanoamuang and Sivongxay, 2004; Kottelat, 2007; Sanoamuang and Watiroyram, 2018) . During a sampling Accepted Article www.jlimnol.it survey conducted from 2001 to 2003 that investigated the biodiversity of freshwater copepods from 5 provinces of Central Laos, an undescribed copepod was discovered. In this paper, we describe the new species of Allodiaptomus from the Xe Lanong River and other 13 habitats in Savannakhet Province, Central Laos, and compare its relationship with its congeners.
Additional information on the copepod fisheries by local people in Muang Nong District, Savannakhet Province is also provided.
METHODS

Study area and sampling
Laos is the only Southeast Asian country without direct access to the sea. It shares borders with Thailand, Myanmar, China, Vietnam, and Cambodia. The Mekong River forms the country's western border with Thailand, the Annamite mountains form its eastern border with Vietnam, Cambodia is to the south, and China and Myanmar are to the northwest. The main geographic features of the country are its mountains and the Mekong River valley. Laos has a tropical, monsoon climate with only two distinctive seasons -a dry season and a wet season.
The dry season begins in November and lasts until May, with the cooler period beginning in December until February. The rainy season starts in June and lasts until October, and rainfall varies according to altitude. The amount of rainfall is normally comprised between 1200 and 2200 mm per year in the plains, and may exceed 3000 mm on the most exposed mountain slopes. The country is divided into three geographical areas: the northern, central, and southern parts.
Sampling was conducted in 5 provinces (Vientiane, Vientiane Capital, Bolikhamxay, Khammouane, and Savannakhet) of Central Laos (Fig. 1A) during [2001] [2002] [2003] . A total of 209 qualitative samples from 103 localities were collected using a plankton net with a mesh size of 60 µm from a variety of waterbodies, such as ponds, swamps, reservoirs, lakes, rivers, roadside canals, rice fields, and buffalo wallows. The samples were preserved in 70% ethanol or 4% formaldehyde immediately after collection.
One of the main sampling areas for this study was Xe Bang Hieng River, a major tributary of the Mekong. The Xe Bang Hieng River Basin covers most of Savannakhet Province. The water of this river flows from the Laos-Vietnam border to the Mekong at a point about 90 km downstream of Savannakhet Province. The river has a length of 370 km and a basin area of 19,223 km 2 . Its main tributaries are the Xe Lanong, Xe Pon, Xe Thamouak, Xe Xangxoy, and Xe Champhon Rivers (Fig. 1B) .
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Identification
Specimens were dissected and mounted at 40-100x magnification under an Olympus SZ51 stereomicroscope. All appendages and body ornamentation were examined at 1,000x magnification under an Olympus compound microscope (CX31). All drawings were made at 1,000x magnification under compound microscope with a drawing tube (Olympus U-DA).
The final versions of the drawings were made using CORELDRAW ® 12.0 graphic program.
Specimens for scanning electron microscopy (SEM) were dehydrated in an ethanol series (50%, 70%, 80%, 90%, 95%, 100%, 100%, 50:50 v/v of absolute ethanol: amyl acetate, and 100% amyl acetate) for 15 min for each concentration. SEM photographs were taken using a scanning electron microscope (LEO, 1450VP) after drying and gold-coating the specimens.
The following abbreviations are used throughout the text and figures: Pdg n, pediger n; Ur n, urosomite n; Enp, endopod; Exp, exopod; Exp/Enp-n, exopodal segment n/endopodal segment n; P1-P5, swimming legs 1-5; A, aesthetasc; S, setae; and, Sp, spine. The nomenclature and descriptive terminology follow Huys and Boxshall (1991) . Specimens were deposited at the Natural History Museum, London, United Kingdom (NHMUK); the Faculty of Science, Nakhon Phanom University, Thailand (NPU); and, the Applied Taxonomic
Research Center, Khon Kaen University, Thailand (KKU).
RESULTS
A total of 19 calanoid species was identified from the 209 qualitative samples (103 localities), including a new species, Allodiaptomus nongensis n. sp. The species diversity of calanoid copepods of Laos from these collections will be published elsewhere. Information on the copepod fishery exerted by local people in Savannakhet Province, and a description of the new species are provided here.
Description of the new species
The description of Allodiaptomus nongensis n. sp. is presented herein. Etymology. The specific name nongensis refers to the place "Muang Nong District" where the new species was first recognized. A name with the Latin suffix "-ensis" is an adjective for place.
Description of adult male: Body length excluding caudal setae 0.91 ± 0.04 mm (mean ± SD, n=20) ( Fig P1-P4 (Fig. 9 A-D) biramous, Exp longer than Enp. P1 with 3-segmented Exp and 2-segmented Enp, P2-P4 with 3-segmented Exp and Enp. Coxa with inner pinnate seta. P4 basis with small seta on outer distal margin. Exp-1-2 with one outer spine and inner pinnate seta except P1 Exp-2 without outer spine. P1 Exp-3 with outer spine, 3 apical pinnate setae and 2
inner pinnate setae. P2-4 Exp-3 with outer spine, 3 apical, and 3 inner pinnate setae. Enp-1 with one inner pinnate seta. P1 Enp-2 with 3 inner, 2 apical, and one outer pinnate setae; P2-
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Armature formula of P1-P4 as follows (legend: outer-inner seta/spine; outer-apicalinner; Arabic numerals represent setae; Roman numerals represent spines). Distribution. The new species was found in 14 freshwater habitats (9 permanent waters and 5 temporary waters) or 13.6% of the total localities sampled (103 localities) (Fig. 1B) 
Coxa
Copepod fisheries
Copepod fisheries by local Laotian people were observed along the Xe Lanong riverbanks in Savannakhet Province (Fig. 10 A,B) . This river is one of the tributaries of the Mekong, and is connected with the Xe Bang Hieng branches before draining into the Mekong (Fig. 1B) . Most parts of the Xe Lanong (30-50 m wide, 10 m deep) pass through Muang Nong District ( Fig. 1B; 16° 23 ' 4"N, 106° 30' 15"E; elevation 285 m asl), which is where local people harvest a calanoid copepod for human consumption. Unlike most other rivers, the waters of the Xe Lanong are rather still with some slow currents; thus, this river is a perfect habitat for zooplankton.
Allodiaptomus nongensis n. sp. is known as "Pa Khayong", which means tiny fish, by local people, and it is abundant in the Xe Lanong River and 13 other localities in both temporary and permanent waters, but is so far restricted to Savannakhet Province (Fig. 1B) .
Populations of this Laotian endemic copepod can be found in the dry season (January until May), but they are more abundant in cooler months (during January and February). A series of man-made copepod traps ( Fig. 10 A Khayong sauce is used to make some unique flavor in the dishes. This traditional consumption of Pa Khayong has been practiced by several generations of the local people.
DISCUSSION
Allodiaptomus nongensis n. sp. is the third new diaptomid from Laos after Eodiaptomus phuvongi and Mongolodiaptomus mekongensis Sanoamuang and Watiroyram, 2018 . These three species were found in the same study area (Sanoamuang and Sivongxay, 2004; Sanoamuang and Watiroyram, 2018) . M. mekongensis has a wider distribution and occurs in Laos, Thailand, Cambodia, and Vietnam, while E. phuvongi inhabits Laos (Khammouane and Savannakhet Provinces) and Thailand (Ubon Ratchathani Province). In contrast, Allodiaptomus nongensis n. sp. has, to date, only been identified in Laos (Sanoamuang, 2002; Sanoamuang and Sivongxay, 2004 ; the present study). coxa in the new species has an acute process nearby spine insertion, but it is absent in A.
Allodiaptomus nongensis
satanas; (3) the right basis of the new species has inner semi-circular hyaline lamella and a small prominence posterolaterally, but with digitiform hyaline lamella and a pair of small prominences distally and a longitudinal prominence proximally in A. satanas; (4) the right Exp-1 produced into acute process on distal outer margin in the new species, but it is blunt in A. satanas; (5) the right Exp-2 in the new species has an outer spherical process inwardly, above the principal spine, and inner margin naked, while A. satanas has only an inner process proximally; (6) the left Exp-2 in the new species is serrated with strong spinules on inner margin, but with long hairs in A. satanas; (7) the left Exp-2 of the new species has one apical process similar to Allodiaptomus species, whereas A. satanas has an additional (digitiform) process on inner margin. In the females, (1) (Reductodiaptomus) raoi Kiefer, 1936 is widely distributed (known in India, South China, Cambodia, Thailand, and Vietnam), and it also occurs in brackish water (Ranga Reddy, 1987; Tran et al., 2016) . Since the description of A. (A) mieni is published only in Vietnamese language (Dang and Ho, 1985) , its taxonomic status is not discussed here. A comparison of morphologic characters among the five species of the genus Allodiaptomus is given in Tab. 1.
All species have the following shared characters in the males: (1) presence of a produced lobe on distal inner coxa or intercoxal plate, and (2) presence of hyaline lamella on inner margin of basis (Ranga Reddy, 1987) . In the females, the latter wings on Pdg 5 are asymmetrical, which is probably a common character among Allodiaptomus species. Normally, diaptomids can be identified based on the morphologic differences of males, because the female characters are more or less similar to each other (Ranga Reddy et al., 1998) . However, the females of the new species are easily distinguished from its congeners by having a lateral process on the right genital double-somite, and two-segmented P5 Enp (other congeners with 1-segmented P5 Enp except A. satanas).
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The presence of a posterolateral process on the genital somite in female of the new species is similar to those in many species of Mongolodiaptomus, including Mongolodiaptomus malaindosinensis Lai & Fernando, 1978 , M. botulifer (Kiefer, 1974 , M. uenoi (Kikuchi, 1936) , M. rarus (Ranga Reddy, Sanoamuang & Dumont, 1998) (Shen & Tai, 1965) , M. dumonti Sanoamuang, 2001, M. rarus, M. loeiensis, and M. mekongensis] , (6) the right P5 Exp-1 has an acute projection on distal outer corner (similar to all, except the gladiolus species group, M. pectinidactylus and M. birulai) (see Sanoamuang and Watiroyram, 2018) .
Allodiaptomus nongensis n. sp. can be distinguished from its congeners by the following characters in males: (1) the antepenultimate segment with a comb-like process (except A. satanas); (2) the right caudal ramus has a large, biacuminate, conical process proximally and a semi-circular ridge ventrally (others smooth, except A. satanas with a pair of small prominences and two large stumpy teeth); (3) the intercoxal plate of P5 is digitiform (A. satanas, round; A. intermedius, bifid; A. mirabilipes, and A. raoi, triangular) ; (4) satanas; similar to M. pectinidactylus, M. calcarus (Shen & Tai, 1965) , M. dumonti Sanoamuang, 2001, M. rarus, M. loeiensis, and M. mekongensis] ; and, (6) the right P5 Exp-1 with acute, produced distal outer corner (except A. mirabilipes and A. intermedius).
According to Ranga Reddy et al. (2000) , both Allodiaptomus and Mongolodiaptomus are characterized by the male P5 Exp-2 possessing at least two lateral spines. In Allodiaptomus, the principal spine is proximal, while the other one(s) is/are distal. However, in
Mongolodiaptomus, the principal spine inserts at the mid-outer margin, but a small spinous process situates proximally or distally. Therefore, three species previously recognized as A.
gladiolus; A. pectinidactylus; and A. calcarus have been transferred to the genus
Mongolodiaptomus (Ranga Reddy et al., 2000; Sanoamuang and Watiroyram, 2018) . Although the criteria used to distinguish species among Allodiaptomus, Mongolodiaptomus, and Neodiaptomus are well documented (Ranga Reddy, 1987 , 2013 Ranga Reddy et al., 1998 Sanoamuang and Athibai, 2002; Watiroyram and Sanoamuang 2017; and Sanoamuang and Watiroyram, 2018) , some taxonomic confusions remain. For example, A. rarus has some shared characteristics between Allodiaptomus and
Mongolodiaptomus. This species was assigned as a member of Allodiaptomus by the male right P5 Exp-2 with a principal spine somewhat proximal to the middle of the outer margin and a small spine located distally. However, this characteristic is somewhat difficult to evaluate since the principal spine is located close to the mid-outer margin, which is the typical feature of the genus Mongolodiaptomus. Moreover, Ranga Reddy et al. (1998) noted that A.
rarus is more similar to A. calcarus (this species has been transferred to the genus Mongolodiaptomus by Ranga Reddy et al., 2000; Sanoamuang and Watiroyram, 2018 ) than any of the other congeners as evidenced by the following characters: the antepenultimate segment is produced into a comb-like process, the right caudal ramus with a ventral process, and the right P5 basis without hyaline membrane on inner margin. After examinations of several males and females of A. rarus, the two following identifiable characteristics of the genus Allodiaptomus were observed not to be present in the male P5: the intercoxal plate and the right P5 basis with hyaline lamella on inner margin. Furthermore, the right side of the genital double-somite of the female has a posterolateral process (see Fig. 6 -48 in Sanoamuang, 2002) , which is common in many species of mongolodiaptomids, but not in allodiaptomids. It is, therefore, appropriate to transfer this taxon to the genus Mongolodiaptomus (Watiroyram and Sanoamuang, 2017; Sanoamuang and Watiroyram, 2018) .
Another taxonomic confusion among these genera was observed in Mongolodiaptomus uenoi, which was confused with Allodiaptomus uenoi by Shen and Song (1979) . Two species, A.
tiruttanii Rajendran, 1979 from South India and A. specillodactylus Shen and Tai, 1964 from South China, are recently recognized as synonyms of Heliodiaptomus cinctus (Gurney, 1907) and A. raoi, respectively (Ranga Reddy, 1987; Walter and Boxshall, 2018) . A critical analysis of these taxa using molecular data is required to clarify the phylogenetic relationships among these genera.
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The occurrence of an edible, endemic copepod (Allodiaptomus nongensis n. sp.) in the Xe Lanong River, Savannakhet Province is interesting. This species is a source of food for local people, and it is caught by villagers in large numbers in certain parts of the Xe Lanong River and its tributaries in Muang Nong District. However, no quantitative data about the copepod yields are available. Information about the human consumption of the Allodiaptomus copepods in the Xe Lanong River was first reported by the ichthyologist, Maurice Kottelat, but no specific name nor taxonomic data were provided (Kottelat, 2007) . Similarly, the consumption of this tiny copepods by Laotian people is similar to that in Northeast Thailand where people cook and consume fairy shrimps (body length: ~15-20 mm) as a local delicacy Sriputhorn and Sanoamuang, 2011) . Thus, it is known in Southeast Asia that these small crustaceans can be consumed as healthy human foods.
CONCLUSIONS
One hundred and three freshwater habitats in Central Laos were surveyed for copepods during [2001] [2002] [2003] . A new calanoid copepod, A. nongensis n. sp., is discovered. It appears to be an endemic species restricted to Savannakhet Province and is the third new diaptomid reported in
Laos after E. phuvongi, and M. mekongensis. The copepods are harvested in man-made triangular shelters built in the Xe Lanong River, along the shores. Harvest occurs during the dry season between December and May. They can be freshly cooked, fermented or are salted and preserved in bamboo tubes for long-term consumption. These copepod products are widely sold in local markets. This study provides the description of the Laotian endemic copepod that is harvested and consumed by humans. In this paper, A. rarus has been proposed to be transferred from Allodiaptomus to Mongolodiaptomus. 
